SUMMARY The use of charcoal blood agar supported a good recovery of staphylococci incorporated in Mupirocin ointment in a test in vitro system. The efficacy of this medium was particularly emphasised in the recovery of staphylococci damaged by six hours' exposure to Mupirocin. The media will be of value in following the progress of staphylococcal carriage or infection in patients or carriers being treated with topical Mupirocin.
Many healthy people carry Staphylococcus aureus in their anterior nares, and this source may lead to a more widespread colonisation of the axillae, skin, and perineum. The presence of a reservoir of the potential pathogen may be of particular importance for autoinfection in patients with recurrent skin sepsis, such as infected eczema or recurrent boils, and in immunocompromised patients such as those with leukaemia. The carriage of multiply antibiotic resistant Saureus, including strains resistant to methicillin, can also provide a reservoir of potentially hazardous pathogens which can present serious therapeutic problems.
A new topical agent, Mupirocin, has been shown to have good in vitro activity against Saureus.1 A controlled trial has shown the value of Mupirocin in eliminating carriage of Saureus,2 and the value of nasal applications of Mupirocin ointment in the control of resistant Saureus carriage in a neonatal3 and adult4 population has been described.
The assessment of the efficacy of Mupirocin in the elimination of carriage is compromised during the period of ointment application by the unavoidable carry over of Mupirocin on swabs from treated sites on to culture plates. Failure to detect staphylococci in these cases could, in some instances, be due to inhibitory concentrations of Mupirocin produced by application of swabs coated in the ointment to solid culture media, and may prevent the detection of viable staphyloccoci.
The present study was carried out to determine if the incorporation of activated charcoal in solid agar culture media or in liquid enrichment media could Accepted for publication 29 October 1986 enhance the recovery of staphylococci from Mupirocin ointment.
Material and methods
The reference stains used were Saureus NCTC 6571 and Saureus NCTC 10442 (methicillin resistant). Two clinical isolates of Saureus, resistant to methicillin, MRI and MR2, were also included. An additional 10 clinical isolates of Saureus and 10 clinical isolates of coagulase negative staphylococci were included in a rapid assessment ofcharcoal blood agar. The recovery of staphylococci and Mupirocin ointment was confirmed on Columbia agar (GibcoBiocult) supplemented with 5% (v/v) horse blood alone or supplemented with 5% (v/v) horse blood and 2% (w/v) activated charcoal (Sigma Chemical).
Enrichment culture was carried out in brain heart infusion broth (BHI) (Gibco Biocult) and in BHI broth supplemented with 2% (w/v) activated charcoal.
The inocula for Mupirocin recovery experiments were prepared by overnight incubation of staphylococci in BHI broth. Sequential 10-fold dilutions of this inoculum were prepared in the same medium. Mueller-Hinton agar (Oxoid CM 40S) was used for determining minimum inhibitory concentrations of Mupirocin. ENUMERATION In cases where swabs coated in the ointment yielded no growth after initial plating on blood agar or charcoal blood agar, sterile velvet pads were used to transfer from the surface of each plate on to fresh plates of both blood agar and charcoal blood agar. The presence of growth on these plates was recorded after 48 hours' incubation at 370C.
PREPARATION OF THE TEST SYSTEM
Templates of squares (2 cm x 2 cm) were marked out on the base of antibiotic assay plates (Luckham Ltd) using non-water soluble markers. The plates were sterilised by autoclaving with lids in place.
Aliquots of ointment (0-9 g) were weighed out aseptically into sterile bijou bottles and 0 1 ml volume of an inoculum dilution of staphylococci in BHI broth was added. An emulsion of the inoculum broth and paraffin based ointment was obtained by mechanical blending with a sterile glass rod.
The inoculated ointment was loaded on to the sterile surface of the assay plate using a sterile swab and the ointment evenly spread over the plate using the long edge of a sterile glass microscope slide.
Using this method 1 g of emulsion could be spread over an area equivalent to thirty 2 cm x 2 cm squares. The number of bacteria applied to each 4cm2 square could thus be quantitated.
SAMPLING OF THE TEST SYSTEM
The numbering of squares on the assay plate was randomised and at each sampling time six replicate squares were swabbed for each treatment. The ointment was removed from each square individually with a serum coated swab (Medical Wire and Equipment Co Ltd) and plated out on blood agar or blood agar plus charcoal.
To investigate the value of enrichment culture replicate swabs of squares were broken into BHI broth or BHI broth plus charcoal. After 24 hours' incubation at 37°C 100 ul volumes broth were subcultured on to blood agar and blood agar plus charcoal.
Assay plates were sampled either immediately after application of the ointment (0 hours' incubation) or after incubation for six hours at 37°C.
RECORDING OF RESULTS
Growth of staphylococci on all culture plates was recorded semiquantitatively after 24 and 48 hours' incubation at 37°C-that is, + + + = (confluent growth), + + = 10-100 colonies, + = 1-10 colonies, and-= no growth detected.
RAPID SCREENING METHOD FOR THE COMPARISON OF BLOOD AND CHARCOAL BLOOD AGAR
Inoculum suspensions of 10 strains of S aureus and 10 strains of coagulase negative staphylococci were prepared in BHI broth and diluted in BHI broth to give inoculum suspensions of about 107 cfu/ml for each organism; 0O05 ml of inoculum was added to 0O5 g sterile Mupirocin ointment, emulsified, and spread over 15 2 cm x 2 cm squares on the template, as described above. Squares (4 cm2) were sampled immediately and after six hours' incubation and plated on both blood agar and charcoal blood agar. A semiquantitative assessment of growth was made as described above.
Results
The minimum inhibitory concentration of Mupirocin for all staphylococci examined was between 0-12 and 0 5 mg/l.
REPRODUCIBILITY OF THE METHOD
A high degree of reproducibility was found in growth derived from replicate swabs of random 4cm2 areas plated on both blood agar and charcoal blood agar.
For each treatment at least five of six replicate platings yielded the same semiquantitative growth. These results gave confidence in the value of the rapid screening method described for the examination of larger numbers of strains.
RECOVERY AFTER MINIMAL EXPOSURE TO MUPIROCIN
With all strains examined by the test method, the recovery of staphylococci was enhanced on charcoal blood agar. The increased recovery on charcoal blood agar was most pronounced with the lower inoculum concentrations (table 1) . With three of four strains, recovery using the lowest inoculum concentration (102 cfu/4cm2 surface area) was obtained only on charcoal blood agar.
RECOVERY AFTER SIX HOURS' EXPOSURE TO

MUPIROCIN
Recovery of all strains at all inoculum concentrations studied was enchanced on charcoal blood agar. In the Allowing for the initial inoculum dilution induced by suspending swabs in broth culture, the recovery of viable colony forming units from broth culture was less efficient than direct plating of swabs on solid charcoal blood agar. Table 2 gives a comparison of blood agar and char- 
Recovery of staphylococci incorporated in Mupirocin ointment 375 coal blood agar in the recovery of 20 staphylococci from Mupirocin ointment. With both Saureus and coagulase negative staphylococci, a greater recovery of bacteria was obtained on charcoal blood agar; the difference between media was especially emphasised when staphylococci were exposed to Mupirocin for six hours. When bacteria had been exposed to Mupirocin for six hours, colonies were often small after 24 hours' incubation on both blood and charcoal blood agar; accordingly, colony counts were made after 48 hours' incubation. With four strains of coagulase negative staphylococci, growth was not recorded after 48 hours' incubation on blood agar, but the presence of small numbers of viable cells could be shown by velvet pad transfer on to blood agar or charcoal blood agar plates. With all four bacteria, initial plating on charcoal blood agar had yielded positive growth. The value of Mupirocin in the elimination of nasal carriage has been assessed and found to be successful by Casewell,2 who also showed that during the period after treatment only a small percentage of those treated showed a relapse of colonisation with the pretreatment strain.
Discussion
Although workers have found that persistent carriage can be quickly eliminated in most patients in two days, this may not be so with all patients or micro-organisms, and an assessment of the progress of treatment is of prime importance, especially in an epidemic situation.
The use of specific and non-specific antibiotic inactivating methods has already found a place in clinical bacteriology in the field of blood cultures, where the addition of specific enzymes such as B-lactamases or non-specific additives, such as antibiotic removing resins,7 has been successful in reducing antibiotic concentrations in blood culture media. The use of charcoal has been investigated here as a non-specific measure for the inactivation of Mupirocin in solid and liquid media.
We have shown that with the use of blood agar alone as a recovery medium many staphylococci could not be detected (tables 1 and 2). Thus detection failure was especially high when the staphylococci were damaged by exposure to Mupirocin for a considerable time. The use of charcoal agar ensured the recovery of all staphylococci examined by the rapid screening method (table 2) , even under conditions of extended exposure to Mupirocin. The results shown in table 1 indicate that the inclusion of charcoal in the medium could increase the sensitivity of detection of staphylococci by 10000-fold.
It is likely that charcoal binds Mupirocin nonspecificity and permits growth of the staphylococci. Certainly on blood agar alone, Mupirocin carried over on a swab continues to have an inhibitory effect; with some strains of staphylococci examined, however, the survival of viable cells on blood agar for 48 hours in the presence of Mupirocin could be shown by velvet pad transfer to fresh blood agar media.
The value of a charcoal enriched BHI media could not be shown. The concentration of Mupirocin in charcoal broth remained inhibitory, and the prolonged exposure of staphylococci to Mupirocin may have reduced the efficiency of recovery. The lower concentration of Mupirocin resulting from dilution in broth seemed to negate the efficiency of elimination of staphylococci. With Mupirocin ointment, treatment is likely to vary with both the organism and the patient. Certainly, where colonisation or infection with multiply resistant (including methicillin resistant) staphylococci provide reservoirs for epidemic spread, Mupirocin could play an important part in containment along with other established procedures.7`In such cases confidence in the efficacy of Mupirocin in the elimination of the potentially epidemic staphylococci should be obtained by using the most sensitive culture methods available. Charcoal agar increases the sensitivity of detection of staphylococci in ointment and should be used to follow the progress of elimination of staphylococci during treatment and immediately after treatment when residual Mupirocin is present.
